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ENERGY PARTITIONING TU PRODUCT TRANSLATION IN THE

INFRARED MULTIPHOTON DISSOCIATION OF DIETHYL ETHER

L. j. Butler, R. J. Buss,a R. J. Brudzynski and Y. T. Lee

Materials and Molecular Research Division
Lawrence Berkeley Laboratory and

Department of Chemistry, University of California
Berkeley, California 94720 USA

June 1983

ABSTRAGT

The infrared multiphoton decomposition of aiethyl ether (DEE) has been

investigated by the crossed laser-molecular beam technique. The

center-of-mass product translational energy distributions (P(E')) were

measured for the two dissociation channels: (1) DEE C2 H50 + C2 H5

ano (2) DEE * C2H5OH + C2H4. The shape of the P(E') measureu for

the raaical channel (1) is in agreement with predictions of statistical

unimolecular rate theory. The translational energy released in the

concerted reaction (2) pea~s at 24 kcal/mole; this exceedingly high

translational energy release with a relatively narrow distribution results

from the recoil of the products from each other down the exit barrier.

Applying statistical unimolecular rate theory, the average energy levels

from wnich DEE dissociates to products are estimated using the measured

P(E') for the radical channel (1).

a. present address: Sandia National Laboratory, Division 1811,
Albuquerque, New Mexico 87185.
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I. INTROUCTIUN

Previous molecular beam investigations of unimolecular reaction

dynamics have shown that potential energy barriers in the exit channel

beyond the enaoergicity have a large effect on the asymptotic product

translational energy distributions. For almost all of the simple fission

reactions studied, in which a single bond is broken without an exit barrier

and no new bonds are formed, the products have statistical translational

energy aistributions.1 However for all the complex fission reactions

studied, in which bonds are uroKen and formed simultaneously, the

translational energy distributions of the products reflect their recoil from

each other down the substantial potential energy barrier in the exit

chaniel. 2 4  Huisken et al. 2 studied the infrared multiphoton

dissociation (IRMPD) of ethyl vinyl ether (EVE) in a crossed laser-molecular

beam apparatus. Tney observed competition between two dissociation

channels: (1) EVE * CH3CHO + C2H4 and (2) EVE . CH2CHO + C2H5

ano found that approximately 70 percent of the 38 kcal/mole exit barrier for

reaction (1) was released into product translational energy. Such a high

translational energy release, -30 kcal/mole, in the unimolecular

dissociation of a polyatomic molecule in the ground electronic state was

previously unsuspected. Several other similar experiments which measured

tne product translational energy distributions for reactions involving

3
three- and four-center HCl elimination from halogenated hydrocarbons and

a three-center Cl, elimination from CF2 Cl,
4 are reviewed in the

paper of Huisken et al. In the four center elimination of hydrogen halides,

a large fraction of the exit barrier appears as vibrational excitation of

.............
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the proaucts; the average translational energy release does not usually

exceed IU kcal/mole. Also reviewed there are some examples of infrared5

ana laser induced fluorescence6 techniques useG in bulk experiments to

measure the internal energy distributions of products from complex fission

reactions.

Two groups have independently studied the thermal decomposition of

diethyl ether (DEE) and aerived preexponential factors and activation

energies for the the Arrhenius expression for the rate constants of the

primary dissociation processes. Laidler and McKenny 7 and Istvan and

Peter8 both report two competing primary channels, a simple C-0 bond

fission reaction with little or no exit barrier:

CH3CH 2OCH 2CH3  C C2H50 + C2H5  (1)

and a molecular elimination reaction with a large exit barrier:

CH3 CH2 OCH2LH 3  * C H50H + C2H4  (2)

The Arrnenius parameters for the four-centered elimination (2) were reported

to be E = 84 kcal/mole and logA = 18.0 by Laidler ana McKenny and E =a a
6b.U and logA = 1i.9 by Istvan and Peter. The A-factor and activation

energy for the radical channel were reported to be 14.0 and 78 kcal/mole

respectively by Laialer ana McKenny ana 14.3 and 77.5 by Istvan and Peter.

Benson ana O'Neal9 point out that the Laidler and McKenny A-factors are
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not reliable as (2) stoula have a larger, more positive entropy of

activation than rxn. (1) so it is expected that the A factor of (2) is

larger than that of (1). They also point out that a fairly reliable

estimate for the parameters of the radical reaction (2) can be made from the

thermodynamics by assuming a recombination rate of k = * 1.0
rec

l/mol.sec, from which they ootain logA = 16.3 and E a = 81.8. The otner

energetically allowed decomposition channels are shown in Fig. I along with

these two channels. The activation energies shown are those estimated by

Benson ana O'Neal for the radical channel (1) and reported by Istvan and

Peter for the molecular elimination reaction (2).

Thus this system allowed the molecular beam study of two competing

aissociation channels, one a concerted reaction with a constrained

transition state resulting in a large exit barrier ana the other a simple

bond fission reaction with a large activation energy but no significant exit

barrier. We wished to confirm the identification of these two channels, to

investigate tne possibility of the occurrence of the other two energetically

allowed channels shown in Fig. I and to determine the effect of the large

exit channel barrier for rxn. (1) on the product translational energy

distribution. As will be seen, the velocity distributions of the radical

channel products allowed us to determine limits on the energy levels from

whicn the molecules dissociatea, thus providing an estimate on the average

number of photons absorbea in our IRMPD experiment.
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II. EXPERIMENT

Time-of-flignt (TOF) aistributions of the photofragments were measured

in a molecular beam apparatus described in detail elsewhere. 10  The

molecular beam was formed by bubbling helium through aiethyl ether (DEE)

(MallincKrodt AR graae) maintained at O'C ana expanding the mixture through

a O.OU5" aiameter stainless steel nozzle at a total stagnation pressure of

400 torr (-5U percent DEE/50 percent He). The nozzle was heated to 3009C to

eliminate the formation of molecular clusters ouring the supersonic

expansion. The velocity distribution of the DEE beam was determined by TOF

measurements to have a peak velocity of 1120 m/sec and a full width at half

maximum of 30 percent. The beam was collimated by a skimmer and, after

passing through two pressure reducing differential pumping chambers, it was

crossed by the laser beam. The molecular beam was defined to an angular

divergence of ~l.bo.

The infrared photons were produced by a Gentec DD-250 CO2 TEA laser

tuned to the P(24) line in the 001-020 vibrational bana at 1043.16 cm-1 .

The TT conformer of DEE has an absorption band at 1047 cm- ano the less

stable (by 1.1 kcal/mole) TG conformer absorbs at 1021 and 1067 cm 1 . A

photon drag detector was used to measure the temporal output of the laser

pulse; the intensity is strongest near the beginning of the pulse, which has

a 300 nsec FWHM and a long tail extending to 0.6 psec with an average

intensity of ~40 percent of the peak. The laser was run at a 50 Hz

repetition rate. For all the TOF data but the m/e = 2b TOF, the total

energy fluence crossing the molecular beam in the interaction region is

estimated to be -2.4 J/cm2. The m/e = 26 TUF was taken at an energy



fluence of -1.8 J/cmZ. The laser light was unpolarizea and was focussed

onto the molecular beam with a 10" focal length spherical zinc selenide

lens. For the total signal dependence on laser fluence, the lens position

was kept fixed and the fluence was adjusted from 5.5 to 0.5 J/cm2 by

attenuating the laser beam on passing it through a gas cell filled with from

0 to 360 torr of C2H4.

The dissociation products were detected in the plane of the laser and

molecular beam by a rotatable ultra-high vacuum mass spectrometer consisting

of an electron bombardment ionizer, quadrupole mass filter, ana particle

counter. The emission current in the ionizer was 10 mA with a 240 eV

electron energy. The flight path between the beam crossing point and the

ionizer was 20.7 cm. TOF aistributions were measured in the usual way.1
2

Signal was observed when the quadrupole mass spectrometer was set to

pass the following mass to charge ratios: m/e = 14, 15, 26, 27, 28, 29, 30,

31 and 44; after very long counting times a very small signal was detected

at m/e = 57. These masses correspond to CH', CH, C2H2, C2H+, (CO
+, C2 H)

(C2H5, CHO), (CH20, CHOH), (CH20H, CH30+), C2H40 and C2H50 and to

C2H4OCH . No measurable signal was detected at m/e = 46, 58, or 59

corresponding to C2h50H, C2H4OCH and C2HsOCH or their conformers

after signal averaging for 300,000 laser shots for each. Typical signal

leveis at a detection angle of 10" from tne molecular beam and a photon

fluence of -2.4 J/cm 2 rangea from 0.14 to 0.82 counts/laser pulse for all

but m/e = b7, at which the signal level was 0.003 counts/laser pulse. A

good signal to noise ratio was obtained for all masses but 14, 15 and 57.
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RESULTS AND ANALYSIS

A. lentification of the Molecular Elimination Channel

The m/e 31 (LH20h', CH30
+) TOF measurea at an angle of 10' to

the molecular beam is shown in Fig. 2. Let us first focus our attention on

the faster peak in this spectrum. This sharp spectrum, which corresponds to

a narrow energy distribution at a relatively high average translational

energy, can only contain contributions from the heavier molecule of each

pair of proaucts shown in Fig. 1. It is easily calculated from momentum

conservation in the center of mass coordinate system and velocity vector

addition that about 24 kcal/mole of the total available energy would have

had to be released as translational energy of the products for the

acetaldehyde, ethanol or ethoxy radical product to arrive at the detector at

times corresponding to the peak of the fast distribution in the m/e = 31

TOF. The total product translational energy would have to be as much as

-115 kcal/mole in the peak of the aistribution if the C2HsOCH2 product

were to give the fast peak in the m/e = 31 TOF spectrum. Thus, it is very

clear that the fast velocity product in the mass 31 TOF must be due to one

of the two energetically allowed molecular elimination reactions as only

these two channels have enough available energy through the conversion of

exit potential energy barrier to give the observed product translational

energies. The radical channels from simple bona rupture are not expected to

have such a high average translational energy release with such a narrow

energy distribution, even if an excessively large number of photons are

absorbed before dissociation.



Identification of the molecular elimination channel would be easy if we

had observeo the same fast product velocity distribution at m/e = 46,

(L2H5OH+), but the fast product was not ooservea at this mass or at

m/e - 44 (CHCHO + , CH2CHOH+). This is unaerstanoable because the

energies required to dissociate C2H5OH or CH3CHO to their

smaller ion fragments are known to be small, -15 kcal/mole, and the

ionization of highly vibrationally excited C2H5OH or CH3CHO products

is not expected to yield the parent ion in electron bombardment ionization.

By careful examination of the masses at which daughter ions of the heavy

product appear and of the masses at which daughter ions of the lighter

partner L2H for the ethanol product or C2Hb for the acetaldehyae

product appear one can be reasonably certain that DEE dissociates to form

ethanol and ethylene but not acetaldehyde ana ethane. First, m/e = 31 is

tne major ion mass fragment of ethanol13. Second, no signal from

acetaldehyde was detected at m/e = 31 in a previous IRMPD experiment on the

same apparatus in which acetaldehyde was a product;2 an H atom migration

must occur to get signal from acetaldehyde at mle = 31 CH OH. Third
2

and perhaps most important, the lighter fragment of the molecular

elimination channel does not appear in the m/e = 30 or 29 TOF spectra (see

Fig. 3 and Fig. 4) but it does appear in the m/e = 28 spectra. If the

C2h6 product were being formed one would expect it to give m/e = 30 or

29, yet there is no additional broadening of the fast peak in the m/e = 30

or 29 TOF which is expected from the lighter fragment. The lighter, faster

product is not detected until the m/e is tuned to 28 (C2H4), as would

be expected if DEE dissociates to give ethanol and ethylene. The TOF of m/e

2 8 is shown in Fig. 5.
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6. Identification of the Radical Channel

The TOF spectra of m/e = 44 (C2H4 0) at 10' from the molecular

beam is shown in Fig. 6. The fast partner to this velocity distribution

appears in the TOF spectra taken at masses m/e = 29, 28, 27 (Fig. 7), 2b

(Fig. 8), 15 and 14. Thus the radical channel, reaction (1) which forms

C H50 + C2H5 must oe occurring since the CH3 product in the oth'r

radical channel cannot give any contribution at the higher of masses.

The extremely small signal at m/e = 57 (O.OOJ counts/laser puls suggests

that a very small fraction (certainly < I percent) of the DEE r ssociate

by breaKing a C-C bond:

C2 5OC 2Hb C2H5OH 2 + CH3  (3)

However the signal at mass 57 is so small that the aissociation from aimers,

(C2Hs5 C2H5)2, cannot be ruled out as the possible source. The

dissociation of DEE into two channels with vastly different translational

energy aistributions can also be seen easily in Fig. 8 as this TOF has

contributions from both of the molecular elimination products ana the

lighter radical product. The momentum-matched heavier radical product and

the heavier molecular product can be seen in Figs. 2 and 3 without

contributions from the overlapping lighter product.

LI
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C. Procuct Translational Energy Distributions:

1. C2H5OC2 5 ) C2H5O + C2H5

When a molecule dissociates to two fragments, the linear momentum of

one fragment is equal in magnitude and opposite in direction to that of the

uther fragment in the center of mass coordinate system, so the measured

velocity distriuution of one derived from the experimental measurements will

completely define the velocity aistribution of the other fragment and the

total center of mass translational energy distribution P(E') of the

dissociation process. The TOF distribution of the C2H50 product (Fig.

b) was fit by a trial and error forward convolution methoo using a

completely flexible point form P(E'). The gooa fit shown in dotted line in

Fig. b was calculated from the P(E') in Fig. 9. "e used this P(E') to fit

the slow peak in the m/e = 26 and 27 TOF spectra (Figs. 8 and 7) by varying

the relative amounts of C2H50 and C2H5 produc'. contributing to these

TUF distributions. In Dotn cases the best fit was obtained when only the

;2H5 product's contribution was used.

During the trial and error fitting procedure of the m/e = 44 TOF, the

daughter ions of the C2M50 product, it was found immediately that the

better fits were achieved by making the P(E"j peak at translational energies

near 0 Kcal/mole. We then tried to fit the data with a translational energy

distribution deriveo with RRKM theory. In an IRMPD experiment the molecules

dissociate from a distribution of levels above the dissociation limit

determined by the experimental conditions. Thus the RRKM translational

energy distribution used to fit the data shoula be a sum of the transla-

tional energy distributions from single energy levels weighted by the
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fraction of molecules that dissociate from each level. In order to estimate

weighting factors for these levels, we simulated the infrareu photon

absorption nG dissociation process for this system with a simple rate

equation model described in detail elsewhere. 14 We calculated the RRKM

dissociation rate constants (see Fig. 10) from published molecular

vibrational frequencies and frequencies of transition states chosen to

reproduce the estimated A-factor and activation energies of Benson and

U'Neal for the radical channel and the reported parameters of Istvan and

Peter for the molecular elimination channel (at 80O0K). This procedure is

known to give reasonable RRKM rate constants as a function of internal

energy. b The spread of uissociating energy levels was found to be only

weakly dependent on the parameters of the model which are not known, most

importantly, the change in photon absorption and stimulated emission cross

section as a function of internal energy. The simulation suggested a

representative form for the relative dissociation yields from a group of

neighboring energy levels which we used to calculate the effective RRKM

P(E'). With each level spaced 2.983 kcal/mole apart, corresponding to the

photon energy, the contribution from neighboring energy levels to the RRKM

translational energy distribution were weighted by factors of 8, 20, 38, 60,

73, bU, 73, bO, 38, 20, 816; this dissociating population distribution was

useu to calculate the RRKM P(E') at several median dissociation energies.

The data was then fit with the resulting P(E') for each mean energy. The

model calculation that gave this shape distribution accounted for the fact

that we only uetect dissociation occurring before the excited molecule moves

out of the viewing region ot the detector. It includes the competition of

1j,
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dissociation to molecular as well as radical products with photon absorption

above the dissociation limits. The unknown parameters in the model which

relate to the absorption and stimulated emission of photons had a large

effect on the actual median energy level from which dissociation occurred,

but, as will be seen, the product velocity distribution from the radical

channel helped limit the uncertainty in this energy level.

We then attempted to fit the m/e = 44 TOF with several different

averaged RRKM translational energy distrioutions. The best fit was achieved

with molecules dissociating from the eleven energy levels 1.73, 4.71, 7.69,

10.68, 13.b6, 16.64, 19.b3, 22.61, 25.59. 28.57 and 31.56 kcal/mole above

the 81.8 kcal/mole dissociation limit. The translational energy

distributions, calculated using RRKM theory, from each of these levels was

weighted by the populition distribution above and summed to give the P(E')

used to fit the data. We will call this the "averaged 16.64 kcal/mole

P(E')." This is the P(E') shown in Fig. 9. It is slightly broader than the

usual single level RRKM translational energy distribution calculated

assuming all the molecules dissociate from the level 16.64 kcal/mole above

the dissociation limit. Acceptable fits to the TOF data could also be

obtained with an "averaged" 22.61 kcal/mole P(E') and an averaged 10.68

kcal/mole P(E'), but not from dissociating levels peaked at higher or lower

energies than these. Thus the measured C2H50 TOF suggests that most of

the detected radical products were formed from DEE dissociating from energy

levels between 5 and 28 kcal/mole above the 81.8 kcal/mole dissociation

limit (including energy levels in the population distribution weighted by a

factor of 60 or greater). It should be noted that since the excited diethyl
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etner molecule is travelling -11.2 x 104 cm/sec through a small region (-3

mm long) viewed by the detector, we are mainly sensitive to molecules with

dissociation times shorter than a few microseconds. Using the calculated

RRKM dissociation rate constant of 0.5641 x 104 sec- 1, only about 1

percent of the DEE that dissociates to radical products at 16.64 kcal/mole

above the dissociation limit will dissociate within the detector viewing

volume and have a chance to be detected.

2. C2H5OC2H5  2H + C2H4

The fast peak in the m/e = 31 TOF (Fig. 2) was fit with a completely

flexible point form P(E'). The fit shown in dotted line in Fig. 2 was

calculated from the P(E') shown in Fig. 11. The P(E') peaks at -26

kcal/mole in translation and extends out to beyond 45 kcal/mole

translational energy, with an average energy released of -24 kcal/mole. The

fits shown for the fast peaks in the m/e = 26 and 27 TOF's (Figs. 8 and 7)

were calculated from this P(E') using the relative contribution of the

C2H50H and C2H4 to these masses as the only variable parameter.

Assuming (1) the A-factor and activation energy of Istvan and Peter for

this channel are correct and (2) the conclusions about the energy levels

those molecules which dissociated to radicals had reached are also correct,

we can estimate the energy levels from which the molecules dissociated to

ethanol and ethylene. Since the RRKM rate constants for the molecular

elimination cnannel are higher than those for the radical channel for

internal energies up to -125 kcal/mole (see Fig. 10), the molecular

eliminations will occur on the average from slightly lower energy levels.
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How much lower will depena on the mean energy level from which the radical

aissociations occur and the fraction of molecules that dissociate during the

laser pulse. A good estimate based on our approximate modeling is that the

molecules that dissociate via rxn. (2) aria are detected co so from energy

levels that are 1-9 kcal/mole below the energy levels from which the radical

proaucts are formed. We thus estimate tnat the majority of molecular

eliminations occur from energy levels 0-25 kcal/mole above the radical

dissociation limit of 81.6 kcal/mole; i.e. DEE dissociates to give molecular

products from energy levels mostly between 82 and 107 kcal/mole above its

zero point level.

D. Branching Ratio and Total Product Yield Dependence on Laser Power

The integrated TOF signal at m/e = 26 as a function of laser power is

shown in Fig. 12. In spite of the large error bars, one can see the signal

still increased with laser power at the higher powers used in this

experiment. Quantitative interpretation of this data is, however, quite

difficult in this case. There are two dominant factors which would cause

our signal level to rise in this measurement. The first is simply that more

molecules absorb enough photons during the laser pulse to reach energy

levels above one or both aissociation lim'ts. The second factor arises from

our experimental arrangement. An excitea DEE molecule will spend at most

2.7 usec in the viewing region of the detector. Because the lifetimes for

dissociation to molecular or radical proaucts at an energy level of 98

kcal/mole above the ground state are -13 and -160 psec respectively, we



detect only a small fraction of the total number of dissociations. With

increasing laser power, the average energy level a molecule will reach above

the dissociation limit increases. At the higher excitation levels, the

dissociation rate constants become higher ana a greater fraction of the

* molecules will dissociate within the region viewed by the detector. Even

* when most of the molecules are already above the dissociation limit and no

increase in the number of molecules above the dissociation limit is

expected, nligher laser intensity will still give a larger signal. For

instance, the fraction of dissociations forming radical products that occur

witnin tne viewing region of the detector increases by a factor of 3, from

-1 percent to -3 percent, if the molecules dissociate from an energy level

19.63 kcallmole compared to 16.64 kcal/mole above the dissociation limit.

A crude determination of a branching ratio between these two channels

was made by comparing the total signal at nile = 14, 15, 26, 27, 28, and 29

ascribed to L 2H 5 witn the total signal at all the masses counted

ascribed to C H OH. If the branching ratio were 1:1, and the ionization

* cross sections are the same we would expect the total ion signal from

C H5 to be 10.8 times that of C H OH oue to the differences in

laboratory angular and velocity distribution of these two products. The

* observea total ion signal for C H5 is 3 tiffes that for C H OH,

giving a branching ratio of 78 percent molecular channel and 22 percent

radical channel. A similar analysis of the total ion signals of C 2H 5

*compared to L 2 H4 gives a branching ratio of 76 percent :24 percent.

* However, the ion signal of C H 0 compared to C H OH gives a

branching ratio of 95 percent 5 percent. Our lack of data at m/e =45 may

be the
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source of the discrepancy, but as this would only shift the branching ratio

in favor of the molecular channel in the comparison of the C2H5 and

C2HbOH counts and would not affect the G2H4 :C2 H5 ratio, we may

arrive at a lower bound of -70 percent molecular channel (2). The branching

ratio predicted from the rate parameters is critically dependent on the mean

energy level from which the molecules aissociate for each channel. In a

calculation where the molecular products are formed from energies peaked at

107 kcal/mole above the ground state of DEE and the radical products are

from 3 kcal/mole higher energies, the branching ratio is 85.3 percent and

14.7 percent in qualitative agreement with our crude estimate.17 Our best

estimate of the energy levels from which aissociation occurred based on the

m/e = 44 translational energy distribution was lower in energy by -9

kcal/mole; at these lower energies the radical channel would be <5 percent

of the dissociation yield.
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IV. DISCUSSION

The effect that an exit channel oarrier has on the asymptotic

translational energy distribution of the products has been treated

theoretically by Marcus18 and Hase et al. 19  Hase et al. 19 studied

ethyl radical decomposition to H + C2H4 with Monte Carlo classical

trajectories on potential energy surfaces with different exit channel

barrier heights. The exit channel barrier results from the C-C single bond

in the reactant shortening to a C=C double bond in the ethylene product. He

found that the shape of the product translational enegy distribution at the

top of the barrier agreed with the predictions of RRKM theory, but that the

distrioution uroadened and shifted to higher translational energies as the

reaction was allowed to proceed beyond the top of the exit channel barrier.

The effect was larger for a 3.5 kcal/mole barrier tnan it was for a 0.1

kcal/mole barrier. Marcus demonstrated the application of RRKM theory

to prediction of final product translational energy distributions when the

reaction proceeds through a tight transition complex which involves an exit

channel barrier. He showed that one should allow for the evolution of the

RRKM transition state as the reaction proceeds down the exit channel

barrier. In his example case, the bending vibrations excited in the tight

transition state are coupled into translation and rotation of the products

as they recoil from each other.

The concerted reaction forming ethanol and ethylene has a large exit

barrier estimated at -50 kcal/mole. The measured product translational

energy distribution shown in Fig. 11 peaks at -24 kcal/mole translational

energy. At an RRKM critical configuration calculated from the Istvan and

[,.°
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Peter A-factor ana activation energy only 1.5 to 2.5 kcal/mole is in the

relative motion of the products, if the molecule dissociates from energies

averaging around 14, ana 39 kcal/mole respectively above the dissociation

limit, so one might conclude that the interactions between the products as

they descend the exit barrier considerably alters their energy distribution

at the top of the barrier. Their final translational energy is measured to

be almost 1/2 of the exit barrier height.

The fraction of the exit channel barrier energy released to translation

in this four center elimination reaction is significantly higher than that

measurea for the four center HCI elimination from halogenated hydrocarbons

by Suabo et al., 3 but considerably smaller than the 70 percent releasea to

translation in the IRMPD dissociation of ethyl vinyl ether to CH3CHO +

C2H4
.2  The latter comparison is particularly interesting as both

involve hydrogen atom transfer and breaking of a C-O bond, as here both

bonding electrons move away from the CO bond in a concerted reaction, the

C-O interaction becomes repulsive , and the translational energy of the

product molecules is mainly due to the repulsive energy release of this

interaction. Although the fractions of the exit barriers appearing in

translational energy are somewhat different for EVE and DEE, they have a

similar average translational energy release, 31 and 26 kcal/mole

* respectively. In concerted reactions with large exit barriers, the

structure of the transition state will determine the energy partitioning to

a large extent. It the chemical bonds in the products which are to be

formed are extensively stretched in the transition state, significant

vibrational excitation is expected. On the otner hand the longer the bond



which is to be broKen is extendea, the less important the repulsive energy

release will be. In the four center HCl elimination reactions, the C-Cl

bond to be broken must be significantly extended, but in EVE or DEE, in view

of the enormous translational energy release it is likely that the C-O bonds

to be broken are not significantly extended when the interaction suddenly

becomes repulsive.

The shape of product translational energy distribution (Fig. 9) for the

radical channel (1) was in agreement with RRKM theory for reactions

proceeding through a loose transition state. We accounted for the fact that

in an IkMPD experiment, the reactant molecules dissociate from a

distribution of energy levels above the dissociation limit by using an

averaged RRKM P(E') to fit the data. The exact form of this distribution

was described in Part III C. The best fit P(E') was calculated with

molecules dissociating to radicals from a spread of energy levels peaked at

1b.64 kcal/mole above tne dissociation limit. The average energy released

to translation of the radical products detected was 1.6 kcal/mole.

Because the photon absorption and stimulated emission cross sections as

a function of energy for a highly energized molecule are not generally

known, one is usually uncertain in an IRMPD experiment as to what mean

energy level the absorbing molecule will reach before it dissociates. An

attempt was maae in this study to reduce this uncertainty considerably.

Assuming (1) that the thermochemical A-factor and activation energy reported

for the dissociation channel are correct and (2) that the translational

energy distribution of the products is correctly predicted by RRKM theory,

one can determine the approximate mean energy level from which the molecule
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dissociated to radicals by attempting to fit the data with various predicted

RRKM P(Ea)es. The mean total available energy for the RRKM P(E') that fit

the measureo velocity distribution determines the mean energy level from

which the molecules dissociated. The method is only weakly dependent on the

assumed shape of the distribution of energies of the dissociating levels.

If the radical product TOF were measured carefully at several laser

fluences, one might expect also to gain some information on how the mean

energy of the dissociating levels increases witn photon intensity.

It should be noted that if the endoergicity of the C-C bono fission

channel CH3CH2OCH2CH3 * CH3CH2OCH2 + CH3 (3) were -85 kcal/mole, similar to

the radical channel (1), we would have seen evidence for this channel.

Since the 1og10 A for this simple bond fission should be -lb and no exit

barrier is expected, only a larger dissociation energy than 85 kcal/mole

would explain why channel (3) was not competitive with the radical channel

(1).
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FIUURE CAPIIONS

Fig. 1. The low energy dissociation channels of C2H5OC2H5.

&HO 0o values were calculated from values tabulate in

Rosenstock et al., J. Phys. Chem. Ref. Data 6, Supp. 1, (1977) for

the ethanol and acetaldehyde channels and estimated to be 85

kcal/mole for the C2H5OCH 2 cnannel using group additivity

rules (S. W. Benson, Thermochemical Kinetics, Wiley Interscience,

New York, 1976) and the heat of formation of CH3 OCH2 . The

energetics of the C2H50 + C2 H5 radical channel are those

of Ref. 9. The barrier in the ethanol channel, 66 kcal/mole from

the reactant, was reported in Ref. 8.

Fig. 2. TOF distribution of m/e = 31, (CH20+, CHOH +) at 10' from the

molecular beam. a Experimental points, best fit,

obtained by adding the individual contributions of C2HsOH

( • ) and C2H 50 o ) The
C2H50H contribution was calculated using the P(E) in Fig.

11. The C2 50 contribution was calculated using the P(E') in

Fig. 9. The relative intensities were varied to obtain the best

fit and an isotropic center of mass angular distribution was

used. Pnoton energy fluence = 2.4 J/cm 2.

Fig. 3. TOF distribution of m/e = 30, (CH20+, HCOH
+) at I0C from the

molecular beam. * Experimental points, best fit,

obtained by adding the individual contributions of C2H50H

( • ) and C2H5  -0) The

individual contributions were calculated as in Fig. 2. Photon

energy fluence = 2.4 J/cm 2.
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Fig. 4. TOF distribution of m/e = 29 (C2 H5, COH at 10 from

the molecular beam. Data is shown with a 5 point polynomial

smooth. * Experimental points, best fit, obtained by

adding the individual contributions of C2H50H ( )

and CH-5 ( ) The C2H5OH contribution

was calculted as in Fig. 2. The C2H5 contribution was

calculated from the P(E') shown in 9 which is derived from the

C2H50 TOF distribution (Fig. 6). Photon energy fluence = 2.4

2J/cm

Fig. 5. TOF distribution of /e = 28, (CO+ , C2H4), at 10 from

tne molecular beam. @ Experimental points, best fit

obtained by adding the individual contributions of C2H4

S* - ), C2H50H (-- - ) and C2H5

( ). The shape of each individual TOF distribution

is fixed by the P(E') that fit the m/e = 44 and 31 TOF's (Fig. 5

and 2). The relative intensity of each contribution was varied to

obtain best fit.

Fig. 6. TOF distribution of m/e = 44, C2H40, at 100 from the

molecular beam. * Experimental points, fit calculated

using the PtE') in Fig. 9 and an isotropic center of mass angular

distribution. Photon energy fluence = 2.4 j/cm2.

L
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Fig. 7. TOF aistribution of mle 27, C 2H3, at 10' from the

molecular beam. * Experimental points, best fit

obtainea by adding the individual contributions of C2H4,

C2H50H and C2H5 as in Fig. 7. Photon energy fluence 2.4

Jlcm 2 .

Fig. 8. TOF aistribution of m/e = 2b, C2H2, at 10' from the

molecular beam. * Experimental points, best fit

obtaining by adding the inaividual contributions of C2 H4

(- o a -), C2H50h ( - , -) and C2H5

(-.) The shape of each individual TOF distribution

is fixed by the P(E') that fit the m/e = 44 and 31 TOF's (Fig. 6

and 2). The relative intensity of each contribution was varied to

obtain best fit. Photon energy fluence = 1.8 J/cm2 .

Fig. 9. Center-of-mass translational energy distribution for the radical

dissociation channel DEE > C2H50 + C2H5 derived from the

me = 44, C2H40+, TOF distribution (Fig. 6). This P(E') was

used to obtain the calculated fits shown in all other TOF

distributions which contained contributions from C2H50 or

C2H5.

Fig. 10. RRKM rate constant curves for DEE aecomposition assuming E = 66
a

kcal/mole aria log 10A = 13.9 for the reaction producing

G2H50H + C2H4 and Ea = 81.8 and log 10A = 16.3 for the

reaction producing C2H50 + C2H 5.
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Fig. 11. Center-of-mass translational energy aistribution for the molecular

elimination channel DEE * C 2H50H + C2H4 deriveo from the

ethanol contribution to the m/e = 31 TOF distribution (Fig. 2).

This P(E') was used to obtain the calculated fits shown in all

other TOF distributions which contained contributions from

C2 H5Um or C2H4.

Fig. 12. Integrated signal at mle 26 as a function of photon energy

fluence. @ Experimental points. Error bars represent plus or

minus one standard aeviation of the statistical error. The laser

pulse shape is constant, so intensity increased with fluence.

II
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